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1 

VOLTAGE CONVERTING DEVICE 

FIELD OF THE INVENTION 
5 [000 1] 

The present invention relates to a device for supplying an input signal 
received at its input portion to a node between the input portion and an output portion via 
a switching means. 

10 DESCRIPTION OF RELATED ART 
[0002] 

In a case of a display device such as a mobile phone, TFTs each of which is 
provided in a pixel within a display region are usually driven using a different voltage 
level from a voltage level used for driving an IC provided outside the display region. For 
15 this reason, the display device comprises a voltage converting device for converting a 
voltage level. 
[0003] 

Fig. 1 is a schematic diagram showing a conventional voltage converting 
device. Fig. 2 shows a timing chart about the conventional voltage converting device 
20 shown in Fig. I . 
[0004] 

The voltage converting device 100 receives input signals Sil and Si2 from a 
signal source 50, and each of the input signals Sil and Si2 has alternately repeated low 
input voltage VMow and high input voltage Vi Jiigh (see Fig, 2). The voltage converting 

25 device 1 00 comprises a high voltage power supply 21 and a low voltage power supply 22 
in order to convert voltage levels of input signals Sil and Si2, the high voltage power 
supply 21 generates a high power supply voltage Vs_high which is higher than the high 
input voltage Vijiigh, and the low voltage power supply 22 generates a low power supply 
voltage Vsjow which is the same as the low input voltage Vijow, The voltage 

30 converting device 100 comprising such high voltage power supply 21 and low voltage 
power supply 22 converts the low input voltages Vijow of the input signals Sil and Si2 
into a low output voltage Vo_low using the low voltage power supply 22 and converts the 
high input voltages Vijiigh of the input signals Sil and Si2 into a high output voltage 
Vojhigh using the high voltage power supply 21 . 

35 [0005] 
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It is briefly described below how the vohage converting device 100 
converts the voltage levels of the input signals Si 1 and Si2 inputted into the input portions 
In) and In2. 
[0006] 

5 Assuming that the input signals Si I and Si2 are the low input voltage 

Vijow and the high input voltage Vijiigh, respectively, during a period from an instant 
tl to an instant t4* Further, assuming that, during a period from the instant tl to an instant 
t2, the TFTs 2 and 3 are opened state and the TFT 4 is closed state, and that the high 
voltage power supply 21 is connected to a node Nl through the TFT 4 and an inverter 12 
10 and the low voltage power supply 22 is connected to a node N2 through an inverter 1 1 
(That is, assuming that an output signal Sol has the high power supply voltage Vs_high 
as the high output voltage Vo_high> and that an output signal So2 has the low power 
supply voltage Vsjow as the low output voltage Vojow). 
[0007] 

15 Under such condition, the voltage converting device 100 changes the TFTs 

2 and 3 from opened state to closed state and changes the TFT 4 from closed state to 
opened state at the instant t2 in order to carry out the voltage converting operation. Since 
the TFT4 is changed from closed state to opened state, the high voltage power supply 2 1 
is disconnected from the inverter 12, so that the node Nl is disconnected from the high 

20 voltage power supply 2 L Further, since the TFT2 is changed from opened state to a 

closed state, the node Nl is supplied with the low input voltage Vijow (= Vgnd) of the 
input signal Si 1 • Since the low input voltage Vijow (=Vgnd) is inputted into the inverter 
1 1 through the node Nl, the inverter 1 1 connects its terminal 1 1c for the high voltage 
power supply 21 to its output terminal 1 lb, but it is noted that the TFT4 is changed from a 

25 closed state to a opened state at the instant t2. Since the TFT4 is changed to opened state, 
the high voltage power supply 21 is disconnected from the inverter 1 1 although the 
inverter 1 1 connects its terminal 1 lc for the high voltage power supply 21 to its output 
terminal 1 lb. Therefore, the high voltage power supply 21 becomes a state in which it is 
disconnected from the node N2. Further, since the TFT 3 is changed from opened state to 

30 closed state at the instant t2, the node N2 is supplied with the high input voltage Vi_high 
of the input signal Si2 through the TFT3 . Therefore, a voltage on the node N2 becomes 
the high input voltage VMiigh of the input signal Si2. Since the voltage on the node N2 
becomes the high input voltage Vi_high of the input signal Si2, the high input voltage 
Vijiigh is inputted into the inverter 12, so that the node Nl is connected to the low 

35 voltage power supply 22 through the inverter 12. Therefore, a voltage on the node Nl is 
kept the low power supply voltage Vsjow Vgnd) during a period from the instant t2 to 
the instant t3. Further, since the voltage on the node Nl is kept the low power supply 
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voltage Vsjow (= Vgnd) during the period from the instant t2 to the instant t3, the 
inverter 1 1 connects its terminal 1 lc for the high voltage power supply 21 to its output 
terminal 1 1 b. However, since the TFT 4 is opened state, the high voltage power supply 
21 is being disconnected from the inverter IL Therefore, the voltage on the node N2 is 
5 kept the high input voltage VUhiigh of the input signal Si2 during the period from the 
instant t2 to the instant t3. 
[0008] 

In this way, during the period from the instant t2 to t3, the voltage on the 
□ode Nl is kept the low power supply voltage Vsjow (=Vgnd), whereas the voltage on 

10 the node N2 is kept the high input voltage Vijiigh of the input signal Si2. Therefore, the 
output portion Out! outputs the low power supply voltage Vsjow (=Vgnd) of the low 
voltage power supply 22 as the output signal Sol, the output portion Out2 outputs the 
high input voltage Vijiigh as the output signal So2. At the instant t3, the low input 
voltage VMow of the input signal Si I has been already converted into the low power 

1 5 supply voltage Vsjow (= Vgnd) 4 but the high input voltage Vijiigh of the input signal 
Si2 is not yet converted into the high power supply voltage Vsjbigh. In order to convert 
the high input voltage Vijiigh of the input signal Si2 into the high power supply voltage 
Vs Jiigh, the TFTs 2 and 3 are changed from the closed state to opened state and the TFT 
4 is changed from the opened state to the closed state at the instant t3. As a result of this, 
20 the high voltage power supply 21 can be connected to the node N2 through the inverter 1 1, 
so that the high power supply voltage Vs Jiigh is outputted from the output portion Out2. 
In this way, the low input voltage Vijow of the input signal Sil is converted into the low 
power supply voltage Vsjow (= Vgnd), and the high input voltage Vijiigh of the input 
signal Si2 is converted into the high power supply voltage Vsjiigh. 
25 [0009] 

In the case of the voltage converting device 100 shown in Fig. 1 , the TFT 2 
is changed from opened state to closed state at the instant t2, so that the voltage on the 
node Nl (the voltage outputted from the output portion OutI) is changed from the high 
output voltage Vojiigh to the low output voltage Vojow. Therefore, at the instant when 

30 the TFT 2 is changed from opened state to closed state at the instant t2, the high output 
vohage Vojhigh on the node Nl is supplied to the input portion Inl through the closed 
TFT 2, so that an unwanted high voltage Vue is superimposed on the input signal Sil. If 
such high voltage Vue is superimposed on the input signal Sil, a high voltage is applied 
to a signal source 50 supplying the voltage converting device 100 with the input signals 

35 Sil and Si2, so that there may be fear of reducing lifetime of the signal source 50. 

DISCLOSURE OF THE INVENTION 
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4 

PROBLEM TO BE SOLVED BY THE INVENTION 
[0010] 

An object of the present invention is to provide a device which can prevent 
an unwanted high voltage from being supplied to an input portion of the device. 

MEANS FOR SOLVING THE PROBLEM 
[0011 J 

A device according to the present invention for achieving the object described 
above comprises a first input portion for receiving a first input signal, a first output 
portion for outputting a first output signal, and a first voltage dropping means for 
dropping a voltage on a first node before changing from a state in which the first input 
portion is disconnected from the first node to a state in which the first input portion is 
connected to the first node, with the first node being located between the first input 
portion and the first output portion. 
15 [0012] 

By dropping a voltage on a first node before connecting the first input portion to 
the first node, supply of tmwanted voltage from the first node to the first input portion can 
be prevented. 
[0013] 

20 A voltage converting device according to the present invention receives a first 

input signal having a first high input voltage and a first low input voltage, the first high 
input voltage having a relatively high voltage level and the first low iuput voltage having 
a relatively low voltage level, wherein the vottage converting device converts at least one 
of the first high input voltage and the first low input voltage and outputs the first input 

25 signal having a converted voltage level as a first output signal, wherein the voltage 

converting device comprises a first input portion for receiving the first input signal, a first 
output portion for outputting the first output signal, and a voltage converting means for 
converting at least one of the first high input voltage and the first low input voltage, and 
wherein the voltage converting means comprises a first voltage dropping means for 
30 dropping a voltage on a first node before changing from a state in which the first input 
portion is disconnected from the first node to a state in which the first input portion is 
connected to the first node, the first node located between the first input portion and the 
first output portion. 
[0014] 

35 By dropping a voltage on a first node before connecting the first input portion to 

the first node, supply of unwanted voltage from the first node to the first input portion can 
be prevented when the voltage converting device performs voltage converting operation. 
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[0015] 

In the voltage converting device according to the present invention, the voltage 
converting means may comprise first conversion voltage supplying part for supplying the 
first node with a first conversion voltage for converting one of the first high input voltage 
5 and the first low input voltage, the first conversion voltage having a higher voltage level 
than the first high input voltage, and wherein the first voltage dropping means may drop a 
voltage on the first node, before changing from a state in which the first input portion is 
disconnected from the first node and the first conversion voltage supplying part is 
connected to the first node to a state in which the first input portion is connected to the 
10 first node. 
[0016] 

In the case that the voltage converting device comprises the first conversion 
voltage supplying part for supplying a first conversion voltage having a higher voltage 
level than the first high input voltage for the purpose of voltage conversion, and that the 

15 first conversion voltage supplying part is connected to the first node, the voltage on the 
first node become higher than the first high input voltage. Therefore, in the case that a 
signal source for the first input signal dose not ensure a sufficient tolerance for the higher 
voltage than the first high input voltage, the signal source for the first input signal needs 
to be protected from the first conversion voltage. In this case, by dropping a voltage on a 

20 first node before connecting the first input portion to the first node, the signal source can 
be protected from the first conversion voltage which is higher than the first high input 
voltage. 
[0017J 

In the voltage converting device according to the present invention, the voltage 
25 converting means may comprise second conversion voltage supplying part for supplying 
the first node with a second conversion voltage for converting the other of the first high 
input voltage and the first low input voltage, the second conversion voltage having a 
voltage level lower than or equal to the first high input voltage, and wherein the first 
voltage dropping means may connect the second conversion voltage supplying part 
30 instead of the first conversion voltage supplying part to the first node, before changing 
from a state in which the first input portion is disconnected from the first node and the 
first conversion voltage supplying part is connected to the first node to a state in which 
the first input portion is connected to the first node, 
[0018] 

35 If the second conversion voltage supplied by the second conversion voltage 

supplying part is lower than or equal to the first high input voltage, the voltage on the first 
node can be lower than or equal to the first high input voltage by connecting the first node 
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to the second conversion voltage supplying part. Therefore, even if the signal source for 
the first input signal dose not ensure a sufficient tolerance for the higher voltage than the 
first high input voltage, the signal source can be protected from the first conversion 
voltage higher than the first high input voltage by connecting the first node to the second 
conversion voltage supplying part. 
[0019J 

In the voltage converting device according to the present invention, the first 
voltage dropping means may comprise a first switching means for making a first 
connection state in which the second conversion voltage supplying part is connected to 
the first node and a first disconnection state in which the second conversion voltage 
supplying part is disconnected from the first node, and a first driving circuit for driving 
the first switching means. 
[0020] 

By controlling the first switching means by the first driving circuit, the second 
conversion voltage supplying part can be connected to the first node before the first input 
portion is connected to the first node. Therefore, the voltage on the first node can become 
smaller than or equal to the first high input voltage before the first input portion is 
connected to the first node, so that the $ignal source can be protected from the first 
conversion voltage which is higher than the first high input voltage. 
20 [0021] 

In the voltage converting device according to the present invention, the voltage 
converting device may receive a second input signal having a second high input voltage 
and a second low input voltage, the second high input voltage having a relatively high 
voltage level and the second low input voltage having a relatively low voltage level, 
25 wherein the voltage converting device may convert at least one of the second high input 
voltage and the second low input voltage and outputs the second input signal having a 
converted voltage level as a second output signal. 
[0022] 

If the voltage converting device converts not only the first input signal but also the 
30 second input signal, supply of unwanted voltage from the first node to the first input 

portion can be still prevented by dropping a voltage on a first node before connecting the 

first input portion to the first node. 

[0023] 

In the voltage converting device according to the present invention, the voltage 
35 converting device may comprise second input portion for receiving the second input 

signal and second output portion for outputting the output signal, and wherein the voltage 
converting means may comprise a second voltage dropping means for dropping a voltage 
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on a second node before changing from a state in which the second input portion is 
disconnected from a second node to a state in which the second input portion is connected 
to the second node, the second node located between the second input portion and the 
second output portion. 
5 [0024] 

With such constitution, not only supply of unwanted voltage from the first node to 
the first input portion but also supply of unwanted voltage from the second node to the 
second input portion can be prevented. 
[0025] 

10 In the voltage converting device according to the present invention, the voltage 

converting means may comprise third conversion voltage supplying part for supplying the 
second node with a third conversion voJtage for converting one of the second high input 
voltage and the second low input voltage, the third conversion voltage having a higher 
voltage level than the second high input voltage, and wherein the second voltage dropping 

15 means may drop a voltage on the second node, before changing from a state in which the 
second input portion is disconnected from the second node and the third conversion 
voltage supplying part is connected to the second node to a state in which the second 
input portion is connected to the second node. 
[0026] 

20 With such constitution, even if the signal source for the second input signal dose 

not ensure a sufficient tolerance for the higher voltage than the second high input voltage, 
the signal source can be protected from the third conversion voltage which is higher than 
the second high input voltage. 
[0027] 

25 to ^ e voltage converting device according to the present invention, it is preferable 

that the voltage converting means comprises fourth conversion voltage supplying part for 
supplying the second node with a fourth conversion voltage for converting the other of the 
second high input voltage and the second low input voltage, the fourth conversion voltage 
having a voltage level lower than or equal to the second high input voltage, and that the 

30 second voltage dropping means connects the fourth conversion voltage supplying part 

instead of the third conversion voltage supplying part to the second node, before changing 
from a state in which the second input portion is disconnected from the second node and 
the third conversion voltage supplying part is connected to the second node to a state in 
which the second input portion is connected to the second node. 

35 [002S] 

Even if the signal source for the second input signal dose not ensure a sufficient 
tolerance for the higher voltage than the second high input voltage, the signal source can 
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be protected from the third conversion voltage higher than the second high input voltage 
by connectmg the second node to the fourth conversion voltage supplying part. 

In the voltage converting device according to the present invention, it is preferable 
5 that the second voltage dropping means comprises a second switching means for making a 
second connection state in which the third conversion voltage supplying part is connected 
to the second node and a second disconnection state in which the third conversion voltage 
supplymg part is disconnected from the second node, and a second driving circuit for 
driving the second switching means. 
10 [0030] 

By controlling the second switching means by the second driving circuit, the 
fourth conversion voltage supplying part can be connected to the second node before the 
second input portion is connected to the second node, so that the signal source can be 
protected from the third conversion voltage. 
15 [0031 J 

It is preferable that the first driving circuit plays a role on the second driving 

circuit. 
[0032] 

With such constitution, there is no need to individually provide the first and 
20 second driving cireu its, so that the voltage converting device has smaller size. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0033] 

Fig. 3 is schematic diagram showing a voltage converting device 1 of an 
embodiment according to the present Invention. Fig. 4 is a timing chart about the voltage 
converting device shown in Fig. 3. 
[0034] 

The voltage converting device ] receives input signals Sil and Si2 (see Fig. 
2) from a signal source 50, and each of the input signals Si 1 and Si2 has alternately 

30 repeated low input voltage Vijow and high input voltage Vijiigh. This voltage 

converting device 1 comprises a high voltage power supply 21 and a low voltage power 
supply 22 in order to convert voltage levels of the input signals Sil and Si2, the high 
voltage power supply 21 generates a high power supply voltage Vsjiigh which is larger 
than the high input voltage Vi_high, and the low voltage power supply 22 generates a low 

35 power supply voltage Vsjow which is the same level as the low input voltage Vijow. In 
the embodiment, the low power supply voltage Vsjow is the same voltage level as the 
low input voltage Vijow, but it is noted that the low power supply voltage Vsjow may 



25 
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have different voltage level than the low input voltage Vijow. Further, in the 
embodiment, the low power supply voltage Vsjow and the low input voltage Vi Jow are 
voltage of ground level (hereinafter, referred to as -ground voltage") Vgnd, but it is aiso 
noted that the low power supply voltage Vsjow and the low input voltage Vijow are not 
5 limited to the voltage level of the ground voltage Vgnd. The voltage converting device 1 
comprising such high voltage power supply 21 and low voltage power supply 22 converts 
the low input voltage Vijow of the input signal Sil or Si2 into the low output voltage 
Vojow by connecting the low voltage power supply 22 to the node Nl or N2 and 
converts the high input voltage Vijiigh 0 f the input signal Si 1 or Si2 into the high output 
1 0 voltage Vojiigh by connecting the high voltage power supply 2 1 to the node Nl or N2. 
[0035] 

The voltage converting device 1 performing the voltage conversion 
described above comprises two input portions Inl and In2 for receiving the input signals 
Sil and Si2. When the input portion Inl receives the high input voltage Vijiigh of the 

15 input signal Sil, the input portion In2 receives the low input voltage Vijow of the input 
signal Si2. When the input portion Inl receives the low input voltage Vi low of the input 
signal Sil, the input portion In2 receives the high input voltage Vijiigh of the input 
signal Si2. Therefore, there is an inverted relationship between the voltage levels of the 
input signals Sil and Si2. 

20 [0036) 

The input portions Tnl and In2 are connected to the n type TFTs 2 and 3, 
respectively. The TFTs 2 and 3 become closed state (on-state, j,e< conductive state) when 
a voltage level of a driving signal Sdl outputted from a driving circuit 31 is a high driving 
voltage Vdjiigh, and become opened state (off-state, i.e. non-conductive state) when the 

25 voltage level of the driving signal Sdl is a low driving voltage Vdjow. The TFT 2 is 
connected to an inverter 1 1 through the node Nl . The inverter 1 1 comprises not only the 
input terminal 1 la and the output terminal 1 lb but also a terminal 1 lc for the high voltage 
power supply 21 and a terminal 1 Id for the low voltage power supply 22. Hie terminal 
1 I d is directly connected to the low voltage power supply 22 and the terminal 1 1c is 

30 connected to the high voltage power supply 21 through the p type TFT 4. The TFT 3 is 
connected to the inverter 12 through the node N2. The inverter 12 comprises not only the 
input terminal 12a and the output terminal 12b but also a terminal 12c for the high voltage 
power supply 21 and a terminal 12d for the low voltage power supply 22. The terminal 
12d is directly connected to the low voltage power supply 22 and the terminal 12c is 

35 connected to the high voltage power supply 2 1 through the TFT 4, The inverter 1 1 

connects the output terminal 1 lb to the terminal 1 lc when the input terminal 1 la receives 
the ground voltage Vgnd and connects the output terminal 1 1 b to the terminal 1 1 d when 
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the input terminal 1 la receives a voltage greater than or equal to the high input voltage 
V.Jugh. The inverter 12 operates similarly to the inverter 11. Since the TFT 4 between 
the hjgh voltage power supply 21 and the inverters 1 1, 12 is p type, the TFT 4 is opened 
state (off state, i.e. non-conductive state) when the voltage level of the driving signal Sd2 
5 outputted from the driving circuit 32 is the high driving voltage Vd_high, and is closed 
state (on state, i.e. conductive state) when the voltage level of the driving signal Sd2 
outputted from the driving circuit 32 is the low driving voltage Vdjow 
[0037] 

The output terminal 1 lb of the inverter 1 1 is connected to the input terminal 
10 12a of the inverter 12 through the node N2 and the output terminal 12b of the inverter 12 
is connected to the input terminal 1 la of the inverter 1 1 through the node Nl 
[0038] 

The voltage converting device 1 comprises TFTs 5 and 6, the TFT 5 is used 
for switching back and forth between a state in which the low voltage power supply 22 is 

15 connected to the node Nl and a state in which the low voltage power supply 22 is not 
connected to the node Nl, and the TFT 6 is used for switching back and forth between a 
state in which the low voltage power supply 22 is connected to the node N2 and a state in 
which the low voltage power supply 22 is not connected to the node N2. The TFTs 5 and 
6 become closed state (on state, i.e. conductive state) when a voltage level of a driving 

20 signal Sd3 outputted from a driving circuit 33 is a high driving voltage Vd_high, and 
become opened state (off state, i.e. non-conductive state) when the voltage level of the 
driving signal Sd3 is a low driving voltage Vdjow. The TFTs 5 and 6 are switched to 
closed state or opened state, depending on the voltage level of the driving signal Sd3 
outputted from the driving circuit 33. The node N] is connected to an output portion 

25 Out I and the node N2 is connected to an output portion Out2. 
[0039] 

Next, it is described below how the voltage converting device 1 described 
above converts the voltage levels of the input signals Sil and Si2 inputted into the input 
portions In I and In2. 
30 [0040] 

During the period from an instant tO to an instant tl (see Fig. 4), the driving 
circuit 31 outputs the low driving voltage Vdjow and thus the TFTs 2 and 3 are opened 
state, so that the input portions Inl and In2 are disconnected from the nodes Nl and N2, 
respectively. Therefore, the input signals Sil and Si2 are not supplied to the nodes Nl 
35 and N2, respectively, so that the input signals Sil and Si2 have no effect on the voltages 
on the nodes Nl and N2, respectively. Further, during the period from the instant to to 
the instant tl, the driving circuit 32 outputs the low driving voltage Vd_low, so that the 
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TFT4 is dosed state. Therefore, during the period from the instant tO to the instant tl, the 

high voltage power supply 21 is connected to the inverters 1 1 and 1 2 

[0041] 

Under such situation, assuming that the voltage level of the output signal 
5 Sol at the instant to is the high output voltage Vo.high (that is, the node Nl is connected 
to the high voltage power supply 21), and that the voltage level of the output signal So2 at 
the mstant t0 is the low output voltage Vo Jow (that is, the node N2 is connected to the 
low voltage power supply 22). In this case, the inverter 1 1 receives the high power 
supply voltage Vs_high, so that the inverter 1 1 outputs the low power supply voltage 
1 0 Vsjow coming from the low voltage power supply 22. Therefore, the inverter 1 2 

receives the low power supply voltage Vsjow coming from the low voltage power supply 
22 through the node N2. Since the inverter 12 having received the low power supply 
voltage Vsjow outputs the high power supply voltage Vsjiigh coming from the high 
voltage power supply 21, the voltage on the node Nl is kept the high power supply 
1 5 voltage Vsjiigh. Therefore, during the period from the instant tO to instant tl , the 

inverter 1 1 continues to output the low power supply voltage Vsjow, and the inverter 12 
continues to output the high power supply voltage Vsjugh. As a result of this, during the 
period from the instant tO to the instant tl , the output portion Outl outputs the high power 
supply voltage Vsjiigh as the high output voltage Vojiigh, and the output portion Out2 
20 outputs the low power supply voltage Vsjow as the low output voltage Vo Jow 
[0042] 

At the instant tl, the input signal Sil changes from the high input voltage 
Vijiigh to the low input voltage Vi Jow, and the input signal Si2 changes from the low 
input voltage Vijow to the high input voltage Vijiigh. Though the input voltages 

25 changes in this way, the closed state or opened state of each of the TFTs 2 to 6 during the 
period from the instant tO to the instant tl is continuously kept during a period from the 
instant tl to an instant ta. As a result of this, the output portions Outl and Out2 continue 
to output the high output voltage Vojugh and the low output voltage Vo Jow, 
respectively, during the period from the instant 1 1 to the Instant ta as well as during the 

30 period from the instant tO to th e instant tl. 
[0043] 

Next, the voltage converting device 1 converts the low input voltage 
Vijow of the input signal Sil into the low output voltage Vojow and converts the high 
input voltage Vijiigh of the input signal Sil into the high output voltage Vojhtgh. In 
35 order to perform such converting operation, it is necessary to supply the low input voltage 
Vijow of the input signal Sil to the node Nl and to supply the high input voltage 
Vijiigh of the input signal Si2 to the node N2. For this purpose, at the instant t2, the 
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voltage converting device 1 changes the TFTs 2 and 3 from opened state to closed state to 
supply the node Nl with the low input voltage VUow of the input sign* Sil and to 
supply the node N2 with the high input voltage VUvigh of the input signa. Si2. However, 
it the TFT 2 changed from opened state to closed state with the high output voltage 
5 Vojngh outputted from the output portion Out I. the high output voltage Vo high on the 
node NI would be superimposed on the input signal Sil through the TFT2 at the instant 
when the TFT2 becomes closed state, so that the high output voltage Vojiigh would be 
supplied to the signal source 50. Since the high output voltage Vo_high is higher than the 
h«gh input voltage Vi_high outputted to the voltage converting device 1 by the signal 
10 source 50, the supply of the high output voltage Vojiigh to the signal source 50 would 
add an unwanted voltage to the signal source 50, which might shorten the life of the 
signal source 50. 
[0044] 

In the embodiment, in order not to add the high voltage to the signal source 
1 5 50 when the TFTs 2 and 3 change from opened state to closed state, the voltage on the 
node Nl is dropped before the TFTs 2 and 3 change from opened state to closed state. It 
is explained below how the voltage on the node Nl is dropped before the TFTs 2 and 3 
change from opened state to closed state. 
[0045] 

In order to drop the voltage on the node Nl before the TFTs 2 and 3 change 
from opened state to closed state, the voltage converting device I changes the TFT 4 from 
closed state to opened state and changes the TFTs 5 and 6 from opened state to closed 
state. In order to change the TFTs 4 to 6 as described above, the driving signals Sd2 and 
Sd3 from the driving circuits 32 and 33 change from the low driving voltage Vdjow to 
25 the high driving voltage Vdjiigh at the Instant ta (ta is between tl and t2) preceding the 
instant t2 at which the driving signal Sdl of the driving circuit 3 1 changes from the low 
driving voltage Vdjow to the high driving voltage Vdjiigh. The TFT 4 changes from 
closed state to opened state by changing the driving signal Sd2 of the driving circuit 32 
from the low driving voltage Vdjow to the high driving voltage Vd_high, so that the 
30 high voltage power supply 2 1 is disconnected from the node Nl . On the other hand, the 
TFT 5 changes from opened state to closed state by changing the driving signal Sd3 of the 
driving circuit 33 from the low driving voltage Vdjow to the high driving voltage 
Vdjiigh, so that the low voltage power supply 22 is connected to the node Nl through the 
TFTS. Therefore, by changing the driving signals Sd2 and Sd3 from the low driving 
35 voltage Vdjow to the high driving voltage Vdjiigh at the instant ta, the voltage on the 
node Nl Is dropped from the high power supply voltage Vsjiigh to the low power supply 
voltage Vsjow. 
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[0046] 

In this way, the voltage on the node Nl can be dropped from the high 
power supply voltage Vsjiigh to the low power supply voltage Vsjow before the TFT2 
changes from opened state to closed state. Since the voltage on the node Nl is dropped to 
5 the low power supply voltage Vsjow, the output portion Outl outputs the low power 
supply voltage Vsjow as the low output voltage Vojow. Therefore, the output signal 
Sol outputted from the output portion Outl changes from the high output voltage 
Vojiigh to the low output voltage Vo Jow at the instant ta. 
[0047] 

10 Since the node Nl is connected to the low voltage power supply 22, the 

inverter 1 1 receives the low power supply voltage Vsjow, so that the inverter 1 1 
connects its terminal 1 1c for the high voltage power supply 21 to its output terminal 1 1 b. 
However, the inverter 1 1 is disconnected from the high voltage power supply 21 since the 
TFT4 is opened state, so that the node N2 is disconnected from the high voltage power 

15 supply 21. Since the voltage level of the driving signal Sd3 of the driving circuit 33 
changes from the low driving voltage Vdjow to the high driving voltage Vdjiigh, the 
TFT 6 changes from opened state to closed state> so that the node N2 is connected to the 
low voltage power supply 22 through the TFT 6, Therefore, the voltage level of the 
output signal So2 remains the low power supply voltage Vsjow. 
20 [0048] 

In this way, the voltage on the node Nl is dropped into the low power 
supply voltage Vsjow before the TFTs 2 and 3 change from opened state to closed state, 
after that, the TFTs 2 and 3 change from opened state to closed state at the instant t2. The 
TFTs 2 and 3 are kept closed state during the period from the instant t2 to the instant t3 

25 and change from closed state to opened state at the instant t3. It is noted that the TFT4 is 
kept opened state during the period from the instant t2 to the instant t3 and changes from 
opened state to closed state at the instant t3, whereas the TFTs 5 and 6 change from 
closed state to opened state at the instant t2. By controlling the TFTs 2 to 6 as described 
above, the low input voltage Vijow of the input signal Sil can be converted into the low 

30 output voltage Vojow of the output signal Sol, and the high input voltage Vi Jiigh of the 
input signal Si2 can be converted into the high output voltage Vojiigh of the output 
signal Sol. This conversion operation is described below* 
[0049] 

Since the TFT2 changes from opened state to closed state at the instant t2, 
35 the input portion In 1 is connected to the node Nl, so that the node N 1 is supplied with the 
low input voltage Vijow (=* Vgnd) of the input signal Sil from the input portion Inl. tt 
is noted that, like the low power supply voltage Vsjow, the low input voltage Vijow is 



PAGE 19/34 1 RCVD AT 9/20/2006 1:38:18 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/12 " DNIS:2738300 ' CSID:14084749082 * DURATION (mm-ss):10-26 



09/20/2066 10:38 14084749082 

PHJP030006 



PHILIPS IP&S-SJC PAGE 20/34 

PCT/JP2004/010725 



10 



14 

the ground voltage Vgnd. Since both the low input voltage Vijow and the low power 
supply voltage Vsjow are the ground voltage Vgnd, the voltage on the node Nl remains 
the low power supply voltage Vsjow (~ Vgnd) although the node Nl is supplied with the 
low input voltage Vijow of the input signal Sih Therefore, the low power supply 
voltage Vsjow is inputted into the inverter 1 1 although the TFT2 changes from opened 
state to closed state, so that the inverter 1 1 connects the terminal 1 1c for the high voltage 
power supply 21 to the output terminal 1 lb. However, since the TFT4 is opened state at 
the instant t2, the inverter 1 1 is disconnected from the high voltage power supply 21, so 
that the node N2 becomes a state in which the node N2 is disconnected from the high 
voltage power supply 21 . Further, since the TFT6 changes from closed state to opened 
state at the instant t2, the low voltage power supply 22 is disconnected from the node N2. 
Further, at the instant t2, the input portion ln2 is connected to the node N2 since the TFT3 
changes from opened state to closed state, so that the high input voltage Vijiigh of the 
input signal So2 is supplied from the input portion Tn2 to the node N2. Therefore, the 
1 5 output portion Out2 outputs the high input voltage Vi_high as the voltage of the output 
signal So2. 
[0O50] 

The high input voltage Vijiigh on the node N2 is outputted from the output 
portion Out2 on the one hand, the high input voltage Vijiigh on the node N2 is supplied 

20 to the inverter 12 on the other hand. Therefore, the inverter 12 outputs the low power 

supply voltage Vsjow (= Vgnd) of the low voltage power supply 22 into the node Nl, so 
that the node Nl is connected to the low voltage power supply 22. Further, during the 
period from the instant t2 to the instant t3, the voltage of the input signal Sil supplied to 
the node Nl through the TFT2 is the low input voltage Vijow (i.e. the ground voltage 

25 Vgnd). Therefore, during the period from the instant t2 to the instant t3, the voltage on 
the node Nl is kept the low power supply voltage Vijow (=Vgnd), The inverter 1 1 
connects the terminal lie for the high voltage power supply 21 to the output terminal lib 
since the voltage of the node Nl is kept the low power supply voltage Vijow (=Vgnd), 
but the node N2 is not connected to the high voltage power supply 21 since the TFT4 is in 

30 the opened state, so that the voltage on the node N2 is kept Vijiigh during the period 
from the instant t2 to the instant t3. 
[0051] 

During the instant t2 to the instant t3, the voltage on the node Nl is kept the 
low power supply voltage Vsjow and the voltage on the node N2 is kept the high input 
35 voltage Vijiigh as described above, so that the output portion Outl outputs the low 

power supply voltage Vsjow (« Vgnd) as the low output voltage Vojow of the output 
signal Sol, and the output portion Out2 outputs the high input voltage Vijiigh as the 
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voltage of the output signal So2. Therefore, at the instant t3. the low input voltage 
Vijow of the input signal Sil has been already converted into the low output voltage 
Vojow (- the low power supply voltage Vsjow), but the high input voltage Vijiigh of 
the input signal S<2 is not converted into the high output voltage Vo_high (= the high 
5 power supply voltage Vsjiigh) yet. In order to convert the high input voltage Vijiigh of 
the input signal Si2 into the high output voltage Vojiigh (= the high power supply 
voltage Vsjiigh), the TFTs 2 and 3 are changed from closed state to opened state and the 
TFT4 is changed from opened state to closed state at the instant t3 with the TFTs 5 and 6 
kept opened state. 
10 [0052] 

At the instant t3, the voltage on the node Nl is the low output voltage 
Vojow (= low power supply voltage Vsjow), so that the inverter 1 1 connects the 
terminal 1 1 c for the high voltage power supply 21 to the output terminal 1 lb. It is noted 
that the TFT4 is changed from opened state to closed state at the instant t3. Since the 
1 5 TFT4 is changed to closed state, the high voltage power supply 2 1 is connected to the 
terminal 1 lc through the TFT4. Further, since the TFT6 is opened state at the instant t3, 
the low voltage power supply 22 is not connected to the node N2. Furthermore, since the 
TFT3 is changed from closed state to opened state at the instant t3, the input portion In2 
is disconnected from the node N2, so that the input signal S12 is not supplied to the node 
20 N2. As a result of this, the voltage on the node N2 becomes the high power supply 
voltage Vsjiigh of the high voltage power supply 2 1 . Since the high power supply 
voltage Vs_high on the node N2 is supplied to the inverter 12, the node NI is connected 
to the low voltage power supply 22 through the inverter 1 2. Therefore, the voltage on the 
node Nl is kept the low power supply voltage Vsjow. Since the voltage on the node Nl 
25 is kept the low power supply voltage Vsjow, the high voltage power supply 2 1 continues 
to be connected to the node N2 by the inverter 1 1, so that the voltage on the node N2 is 
kept the high power supply voltage Vsjiigh of the high voltage power supply 21. 
[0053] 

In this way, the voltage on the node Nl Is kept the low power supply 
30 voltage Vsjow (= Vgnd) and the voltage on the node N2 is kept the high power supply 
voltage Vsjiigh, so that the output portion Outl outputs the low power supply voltage 
Vsjow (=» Vgnd) as the low output voltage Vojow and the output portion Out2 outputs 
the high power supply voltage Vsjiigh as the high output voltage Vojiigh. Therefore, 
the low input voltage Vijow of the input signal Sll can be converted into the low output 
35 voltage Vojow, and the high input voltage Vijiigh of the input signal Si2 can be 
converted into the high output voltage Vojiigh. 
[0054] 
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v „• „ ^ *" V ° ,t88e COnvertin S device I averts the high input voltage 

Lt?,! vT *m sn imo the high ° utpm v ° jtege - d — th * 

mput voltage V.Jow of the input signal Si2 into the low output voltage Vo low. For the 
convertmg operation, at the instantt4, the voltage level of the input signal sil changes 
5 from the low input v 0l tage Vijow to the high input voltage Vi_high, and the voltage 
level of the input signal Si2 changes from the high input voltage Vi high to the low input 
voltage Vijow. After the instant t4, the TFTs 2 to 6 perform the same operation of 
sw.tchmg to opened state or closed state as the TFTs 2 to 6 perform during the period 
from the instant tl to t4. Such same operation of switching of the TFTs 2 to 6 will 
prevent the signal source 50 from being supplied with the unwanted high voltage from the 
node N2 through the TFT3. 
[0055] 

As described above, the voltage converting device 1 can convert the voltage 
levels of the input signals Inl and In2 while preventing the signal source 50 from being 
supplied with the unwanted high voltage. Li this embodiment, the voltage converting 
device I is constructed as shown hi Fig. 3 in order to connect or disconnect the power 
supplies 2 1 and 22 to or from the nodes N I and N2 according to the timing chart shown in 
Fig. 4. It is however noted that the voltage converting device 1 may have the other 
constitution than the constitution shown in Fig. 3. For example, the TFT4 is p-type in this 
embodiment, but may be n-type. In this case, in order to perform the closing and opening 
of the TFT4 of n-type according to the timing chart shown in Fig. 4, the driving circuit 32 
may output different driving signal from the driving signal Sd2 shown m Fig. 4, the 
different driving signal having the inverted voltage levels with respect to the driving 
signal Sd2. By outputting such different driving signal, the closing and opening of the 
25 TFT4 can be performed according to the timing chart shown in Fig. 4 even if the TFT 4 is 
n-type. Ditto for the other TFTs. Further, the TFTs 2 and 3 are driven by the common 
driving circuit 31, but may be driven by different driving circuits. Similarly, the TFTs 5 
and 6 may be driven by different driving circuits. However, if the single driving circuit 
31 drives two TFTs 2 and 3 and the single driving circuit 33 drives two TFTs 5 and 6, it is 
30 not necessary to provide individual driving circuit for each TFT, so that downsizing of the 
voltage supplying device I is achieved. 
[0056] 

The voltage converting device 1 of this embodiment lowers the voltage on 
the node Nl from the high output voltage Vojiigh (= high power supply voltage 
35 Vs_high) to the low output voltage Vojow (=* low power supply voltage Vsjow) by 

connecting the node Nl to the low voltage power supply 22 at the instant ta preceding the 
instant t2 at which the TFTs 2 and 3 are changed from opened state to closed state. 
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Therefore, the unwanted high voltage can be prevented from being applied to the signal 
source 50 if the TFTs 2 and 3 are changed from opened state to the closed state, so that 
the reliability of the signal source 50 can be improved. 
[0057] 

In this embodiment, in order to drop the voltage on the node Nl before 
changing the TFT2 from opened state to closed state, the node Nl is connected to the low 
voltage power supply 22 through the TFTS. However, it is not necessary to connect the 
node Nl to the low voltage power supply 22 in so far as the voltage on the node Nl can 
be dropped. For example, an additional power supply for dropping the voltage on the 
node Nl may be provided to connect the node Nl to the additional power supply before 
the TFT2 is changed from opened state to closed state. However, if the additional power 
supply is provided, an occupying area of the voltage converting device 1 become wider 
accordingly. Therefore, it is preferable that, without providing the additional power 
supply, the node Nl is connected to the low voltage power supply 22. Also, an additional 
15 power supply may be provided to drop the voltage on the node N2. However, from the 
similar reason as the case where the voltage on the node Nl is dropped, it is preferable 
that, without providing the additional power supply, the node N2 is connected to the low 
voltage power supply 22. 
[0058] 

20 In this embodiment, in order to prevent the signal source 50 from being 

supplied with the unwanted voltage, the voltage on the node Nl is dropped to the low 
power supply voltage Vsjow, i.e. the ground voltage Vgnd, before the TFT2 is changed 
from opened state to closed state. However, since the signal source 50 is constructed so 
as to output the high input voltage Vijiigh, it is not necessary to drop the voltage on the 

25 node Nl down to the ground Vgnd in consideration of the viewpoint of preventing the 
signal source 50 from being supplied with unwanted voltage. In other words, if the 
voltage on the node Nl is dropped to a voltage lower than or equal to the high input 
voltage Vijiigh, the signal source 50 can be prevented from being supplied with the 
unwanted voltage. Therefore, instead of connecting the node N2 to the low voltage power 

30 supply 22, the voltage converting device 1 may be structured in such a way that an 

additional power supply for generating the voltage lower than or equal to the high input 
voltage Vijiigh is provided and the additional power supply is connected to the node Nl . 
However, if the additional power supply is provided, an occupying area of the voltage 
converting device 1 become wider accordingly. Therefore, it is preferable that, without 

35 providing the additional power supply, the node Nl is connected to the low voltage power 
supply 22* From the similar reason, it is preferable that, without providing the additional 
power supply, the node N2 is connected to the low voltage power supply 22, 
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[0059] 

■ , , J" ^ en,bodiment de ^ibed above, the example of applying the present 
mvenfon to the voltage converting deviee is described, ft is however noted that the 
present invention may be applied to the other devices than the voltage converting device 
which are required to prevent the unwanted high voltage from being supplied to an input' 
portion side via switching means such as TFT. 

INDUSTRIAL /^APPLICABILITY 
[0060] 

The present invention can be used, for example, in the device required to 
convert voltage levels (such as liquid crystal display).} 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0061] 

[Fig. 1] Fig. 1 is a schematic diagram showing a conventional voltage 
converting device. 

[Fig. 2] Fig. 2 shows a timing chart about the conventional voltage 
converting device shown in Fig. 1. 

[Fig. 3] Fig. 3 is sohematic diagram showing a voltage converting device 1 
20 of an embodiment according to the present invention. 

[Fig. 4] Fig. 4 is a timing chart about the voltage converting device shown 

in Fig. 3. 
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